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\ IFTROBUCYION
\An-mmmmmuumm
ouning frem every direstiem if 1t is to reagh a partiewlsr Dedy-imtericr
podnt. Jpecifieally, we have caleulated the fractiseal selil smgle sud-
tended, arowund eagh of twelve body pednts, by various tissme thickmesses.
As a paxrt of this caleulation, centeurs of "iscthickness” are given for a
seated T5-percentile man. The tables of fractienal selid angle vs. tisews
Wmmmtnm.ww“'h-m
radistien flux. The comteurs ef constant tissue thickmess are mseded to
compute numerieally the dody poimt dose in a known nem-isotrepie redistiom .
fleld. Osupled vith the detailed design of a spacecraft, the dose to thess
specifie body points frem a given incident rediatiem could be calculated.
This larger dose comgurtation yroblen has besn programmed for I 7990 fwr
incident Frotens and electrens of arbitrary typleal spestre, and vill de
reported elsevhaze (Ref. 1).
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The deternination of the issthiciness comtowrs, and ths camputatien
of fructional selid amgle, are botk struightforvard. The metheds are
essentially thuse of deseriptive geemetry, in vhigh the human dedy is
onrefully drewmn ia tires vievs, and tiseus thicimesses e mseawred in all
ddrectiens aremd the bely point of interest.

As a rejresentative nmn shape, yresaslly of interest in the astre-
mamtiss preblan, the sested TS5-pereentile male dody wvas chosen. All
dimnsiens were thees given by Nertsberg, Bmniels, sad Chmrehill (Bef. 2),
vhe messured the sizes of bedy strustures of a statistical mmber of Air
Feree man. The "TS5-percentile man” is the esnpesite aan vhese msasurements
wvare larger than 75 percent of all the nen stulied. In the signifisemt
sines’, such as trunk thiskness, chest vidth, ete., the T5-pereemtile mem 1s
usmally absut a centimster largsr tham the mean. These T5-pereemiile
sstsuremants were used as the basis fer outline and sectien &ruvings ef a
sested man. Aleng vith shese chjestive duta, 1ia order to mTive at real-
istic figwes, cross sestimmal enateny dsta was used (Bef. 3). Tms, 2
series of sestismal views of the lypethetical mem was &remm; first,
horizontal plame sectiens,and fyrem them, vertisal plane sestisms eentaining
the point of imterest in the bedy.

In axy of ths sseurately dvewa vertisal plane sectiens, a lise fyem
the body point of interest te the bedy surfase can bs messwred to give the
tissue thickness (the "trwe length" in deseriptive geemetry terms) alemg 4

* Mt is, significant for rediatien dese enlsulstion.

U340t 1000
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particular direction of that line. A series of such lines for selected
thicimess were drawn for six or eight vertisal sections at various angles
from the front. ("Vertical" is here defined as the direction of the trunk
axis if the man were seated erect in a normal chair and room. ‘“Horizeatal"
is defined by the plane perpendicular to the vertisal.)

Two angles sre needed to define a thickmess line, a "latitude’, or

i angle from the *borizental’ plane to the line, and & "longitude”, or angle
| from the fromt to the line. Figure 1 illustrates these definitions for the
case of a point in the gut region of our hypothetical 75-pergentile seated
man. Using care to draw these longitudinal cross sectiom views of the human
body, and to measure & large mmber of thisknesses, x, at various ¢ and ¢
values, one acquires data for thickness contowrs. Actually, a series of )
thicknesses vas chosen and (' values found on given ¢ sectional vievs.
This date readily plots into isothickness contewrs. Figwe 2 1s a plet of
these contours on 8 &, 7 nap for the gut point of Fig. 1. With a little
imagination, one can identify some body structures as seen from this gut
point looking out in all direstions.” Shoulders, legs, etc. are clear}
other parts are less obvieus. In Fig. 2 the body vas assumed to0 be cemposed °
entirely of soft tissue; the bemnes and lungs vere neglected insofar as they
are different from tissue. The effects of lungs and bene are discussed later.

# This might be considered the inverse process of cumphaloscepsis!

- e
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Folding line

Q is vertical axis, passing through the point of interest (Gut).
@ is longitude angle.
£ is latitude angle.

X is thickness, a function of & and ¢ for this point.

FIGURE 1. A fev views and sections used in determining thicknesas
of tissue around a point in the gut,
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FIGURE 2. Centour plot of tissue isothickmesses in all direetions about
the peint, GUT, loecated as sated in Table 1, in a seated
79=pereeatile man. é = 0, s 0, oenter of the figure, is
the straight ahead herigsatal direstiea.
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ISOTHICKNESS CONTOURS FOR VARIOUS BODY
POINTS OF RADIOBIOLOGICAL INTEREST

Twelve points in the assumed seated 75-percentile man were selected
for this study. Some of these points are of specific radiobiological
interest, since body radiatiom responses are associated with organs situ-
ated there. In this category are gut, sternum, fesur, spleen, and eye lens.
Others of the selected points allew an estimate of trunk depth dose distri-
bution. For some points the effect of considering bone or lung air was
found for the isothickness contours. Table 1 summarizes the chosen points,
and gives an ldentifying code symbol. Using the methods illustrated in
Fig. 1, mappings were made of lines of constant tissue thickness between
the body surface and the selected points. Nine such contours are showa
in Figs.2 through 10 for gut, cheet skim, sternum (with air in the lungs),
ferur (neglecting bome), eye lens, wvaist skim, waist 4 cm deep, waist 8 cm
deep, and spinal columm, respectively. Latitude @ is pletted vertically,
longitude q& horizontally; thus the head is aleng the top im the isothicke
ness contours for body trunk points, the body front is on the center, and

the back is alomg the edges, where -180° is the same as +180°.

U3-4071 1000 NO. D2«90107
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TAKIE 1. Deseription of Body Points Analyzed.

Body Poiat Sysbol
Central Out, 10 em wp from seat, and 10 em farvard from bask s
of seat.

Chest Center, en the skin swface, 55 om up from sest. CHEST O
Chest Center, 2 cm in from the skin, in stermum, 55 cm uwp CHES? 2
from seat, neglecting lungs.

Chest Center, 2 cm deep, in stermum, as before, taking account CHEBT 2 L
of air in lumgs.

Spinal Cord Region, 55 cm up from sest, 2 cm deep im bedy. BACK 2
Femur, that is, leg center, 38 om forvard from back of sesat, FBOR
9 cm up from seat level (neglecting bome).

Feamur, same point as before, taking account of bome structure FEMUR B
(See Text).

Eye lens, right eye surface, neglecting facial and eranial EYR
bosy structure.

Waist, right side, on the skin, 25 om up from seat lsvel. WAIS® O
Waist, right side, 25 cm up from sest level, 1 om in frem skin, WAIS? )

on the mid-saggital line.

Waist, right side, 25 om up from seat level, 4 cm in from skin, WAIST &
on the mid-saggital line.

Waist, right side, 25 cm up from seat level, 6 om in from ekin, WAIST 6
on the mid-saggital line.

Walst, right side, 25 cm up from sest level, 8 om in from skin, on WAISY 8
the mid-saggital line.

BAC 154 LD
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FIGURE 3. Comtour plot of tissue isethicknesses in all direetioms about
the peint, CHEST O, located as imdicated in Table 1, in a

seated 75-pereesatile man. & = 0, ¢ = 0, center of figure,
is the straight ahead horisontal direetion.

U3-4071-1000 (was BAC 1544-L-R3)
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- FIGURE 4. Contour plet of tissue isothiocknesses in all directions about
the point, CHEST 2, located as iadieated in Tadle 1, in a
seated 75-pereentile maa. § = 0, ¢ = O, center of figure,
is the straight ahead herisoatal direetisa.
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FIGURR 9. Conteur plot of tissue isethicknesses in all directions abeut
the peiat, FINUR, lecated as imdieated im Table 1, in a seated
75-peresatile meas & = 0y, (= O, center of the figure, is
the straight ahead heriseatal direetiea.

Jp— e e
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PIGURE 6,

LEFT FRONT RIGHT
DOWN

Contour plot ef tissue isothicknesses in all directioma about
the point, EYE, lecated as iadicated ia Table 1, in a seated
75-perecutile man. & = 0, P = 0, center of the figure, is
the straight ahead horisoatal direetion.

U3-40/1-1000 (was AAC 1546.L-R1}
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o Contour plot of tissue isethickmesses in all direstions abeut

the peiat, VAIST O, lesated as indieqted in Table 1, in &

¢
seated 75-persentile ma. & = 0, 3- Oy oenter o; the figure,
is the straight shead herissatal direstien.

U.4071 1000 (was BAC 1546-L-R))
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WALST

FIGURE 8.

Centour plot of tiasue isothicknesses in all directioms about
the peint, WAIST &, iecated as imndieated in Table 1, in a
seated 75-pereeatile man. @ = 0, = 0, center of the figure,
is the straight akead heriseatal tiens ~—— - — 1ine shows
the outline of the shielded chair assumed for the case WAIST LS.

e

U3-407) 1000 (was BAC 1546-L-R3)
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FIGURE 9. Contour plet of tissue isothigkmesses in all direetions about

the peint, WAIST 8, loeated as imdicated in Tadle 1, im a seated
75-peresatile man, O s 0, ¢ = O, conter of the figure, is
the straight ahead herisemtal directiea.
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BACK 2 .
(SPINAL Cﬁlm
i

FIGURE 10.

-
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DOWN

Contour plet of tissue isothickamesses in all direetioas about
the poiat, BACK 2, lecated as indicated in Table 1, ia a

seated 75-persentile man. S = 0,
is the straight shead Moriseatal direetien.

U3-4071.1000 (wes BAC 184¢-L-R3)
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USES OF ISOTHICKMESS CONTOURS

Whenever & human bedy is immersed iz & lmewn amidirestiemal radistien
flux, not necessarily isotropic, the smount of radiation reaching a spesifis
bedy point and the dose absarbed there may be sslsulsted using the iso-
thickness conteurs if the absorption properties of the rediation are knewn.
The motivating example for this study is the space radiation envircoment,
but the contours given may be used vith arbitrery angnisr distributions of
any ingident flux. Consider an sagular distridutien of soms radiatiem
incident upon the bedy, I, P) 41, vhieh is attenusted acsarding to
some funstienal expressiem A(x) vhere x is the ihiskness of tissws. x in
turn 1s & function of & apd & , sccerding to the isethickness oemteurs;
httmmuahex,(e,gb)mmmmrmmw.
Further, lst D De the osnversien faster from flux te abserbed dese fer the
type snd quality of the radistion; D need not be & osustant, indsed 1t is
gsnerully dependent upen emergy spestrum, viieh fa turs depemds wpem x.
mwmmmumumamnamw.

Bemsbering that 4 (L. 1s cosfdG i, we eun write the precess of
.dmcmm.thmm:

MxetP = ff'[r(e,zp)] {A(z,(e,cp))] os 5 46 4P,

Dose at P = jj [r(e,cp)] [A(x,(@,gb))] [n] ses b 46 ag,
MWMWlﬁWﬂrmnmm
terme,

A sizple, But useful and illwstrsiive ease is afforded by the isetrepis
Atstribution (5, P) = oemstant. For this distributien eme esn perfers
the integrations by mmerisal spproximatisn. The isethisimess centewrs Mave

sosmne | O D=0 >
[nse 19

1




a0

been amalysed into frastienal selid angle subtenied by a series of thisk~
nesses. Thus the fraction of the &, (P sphere occupled by varteus
thiginesses vas determined grephically, with alleowemes mde for the changs
in size of the sres elemmut 46 4 cos & over the sphere. This was
done by counting squares on the isothisimess plots, the spece between
conteur lines being assigned to su intermediste value of thickpess. The
space between cantours was weighted by the cos & factar by counting squares
within 5- or l0-degree wide latitude bands, and assigning the sverage lati-
tude value. Thus, for the bamd 30 to 35 degrees the sres betwesn the 11
and 12 cm tissue thickness centeurs vas multiplied by ess 32.5° and assigned
to the thickness 11.5 cm. This ares wvas cemputed in units of the aresa of
s sphere of unit area. mmmnmmumwmur@—
should add wp to unity, poviding a check of the graphiecal accuracy.

Bocsuse of the lmportamee of the isetrople distributien, the results
of the amalysis of the isothiciness ceatours for the twelwe selectsd
points are tabulsted. In Table 2, celiam l.glves a t{issus tiickness;
colimms 2 to 14 show the fractismal solid angls smibtended eheut the indigsted
body point in the T5-pereentile seated man. Far a given body point, using
& set of these fractienal solid angle valves and respestive thickussses X,
ene mey campute dose st that body pelnt by the swmmstiest

Dose = (1) L, Alx,) Oy (x) [Bese Smversion (x,)]

where P is insidemt isetrepic flxx en the dady

A(xi)umminx,‘-dm,
ﬂz(x)ummﬁ-lnluul-m“xt
thickness

]
b—-m(xx)]ua-anww,m
Mm,mm.-x‘mtum
dependonse,

Vi) 1000
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MODIFICATION OF CONTOURS BY CORSIDERATION OF OTHER DEPAILS

AIR IN THE LUNGS

The isothickness centours for CHEST 2L, the stermum with lung air
considered, differ freom those of CHENT 2, in which the lung gosmetry was
neglected. Table 2 shows the effect of this difference, in a cemparison of
columns 4 and 5. In an actual dose camputatien, the difference betveen
the two cases amounts to0 less than ten percent for typical space proton
spectra and simplified vehicles (Ref. 1). PFer a different type of
rediation, such as low energy R-rays produced by space electrems, the effest
of neglecting the higher-Z bome sbsorptien weuld override the lung air
effect.

BONY COMPOSITION OF TRE FRKR

Instead of the simplified trestment of the femar (neglecting bome),
1t vas degided also to campute the femu dose osmsidering the fact that
radistion has to traverse & ceapast bene certex and a "spongy” bene
(lamellar) interier strusture to reach the marrew in bene center. This
analysis vas labelled "FIMR B", aad due to its eamplexity is not pletted
here, but 1s rether tabulated in the aypendix to0 this dosumsnt. The iso-
thiskness conteurs fer tissus and beth bene types were plotted separately
axd superimposed te arrive st 72 esparute thisikness regiens fa the three-
mterial centawrs. The semswhnt Jredistadls i fortunste result of the
mmrrow dege caloulaticns for FIER B vas ealy a fov pereent less thas that
for the agproximate FRMUR case, for space Jrotens. The differemse fer
X-rays weuld, hovever, be signifisemt.

[GE JRT
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GRERRAL OCOMBLUSIONS OONCERKING IIG8 AXD BOMES

The cases spalyzed indicste that the extra effort invelved in the aman
geometry problem to take sscount of bemes and lungs is not justified fer
meth,Mhmtcmmu-d
space elsotren bremsstrahlimg deses.

§AC 154 LRI
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A method has been described by which the humen body tissue gecmetry,
or any couplex three-dimensional figure, way be analyzed into terms useful
for calculations of radietion dosage to interior points. The method was
applied to the seated human male (75-percentile U.S. Air Force man), to
determine contours of constant tissue thickness about twelve radiologicelly
interewting body points. For use in ap isotropic radiatlon flux, the
! fractional solid angle subtended by verious tissue thicknesses 1s given,
The power of this approach is evident, for it replaces & complicated
geometry problem with a (perhaps large) set of simple "straight-through”
layered-shield problems. Each simple dose problem may be solved easily by
electronic computer and the results weighted with the corresponding
fractional solid angles and summed to arrive at the total dose at a point

in the complicated geometry.

BAC 1544 L-R3
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FRUR B

Here are tsbulsted the fractienal selid angles fer varisus thisknesses
of tissue and bone sround & point in the fesur 38 cm forwvard of the sest
back and 9 cm up frem the sest. 7Two types of beme were gemsidered, a
ocompast bene cortex, and a spengy (lamellar) beve interier, of demsity
1.85 and 1.17 g/ex>, respectively. This tabulation is & semevhet more
exact analysis of the femur than that listed in Table 2 in the text.
There, the body vas assumed to be entirely compoeed of 1 g/em> density
tissue. Column 1 of Table A-]1 lists various thicknesses of spongy bone
sbout the selscted point in the varieus directiens. Oolumm 2 lists, for
each value of colum 1, thicknesses of csmpact bone. In eolwmns 3 to 1@
are listed for each bone thiskness set, the fractismal sclid angle corres-
pooding to the thisknesses of tissue given at the heads of the colwmms.
ALl thicknesses are given ia g/on® wnits.

WAISP 48

An smalysis vas made of the effest of a shielded chair on vhish sa
sstromsut might be sitting vhile being exposed te rediation. In Table
A-2 are given the frectiomal solid smgles for the omse of the b em depth
nmm(aamm,kuuu—mm). The eutline
of the chair ss seen from this point is indigated by the dashed line in
Fig. 8 . Besides providiag sest sad thigh shielding, it eovers the back,
vreps around the sides t0 & height of 25 em sbove the sest level, aad
has & 10 cu vide belt arownd the abdomen 15 to 25 om shove the seat level.
The thigkness of the shielding cheir may be my desired value and is given
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TABLE A-2. Solid Angles for the WAISP 4S5 Case. (Percent)
Fractional
Chair Thickness Tissue Thigkness Solid Angle
(8/ca®) (s/en®) (pexoent)
0 k.5 0.648
) 5¢5 2.723
0 6.5 3.935
0 Te5 2.663
0 8.5 1.712
0 9.5 1.549
0 n 3.135
o} 13 3.880
0 5 2.159
0 17 1.166
0 19 1.246
0 o} h.580 °
0 35 612
0 hs 2.65%
0 55 0.669
0 65 0.200
0 ') 0.075
k.5 3.076
5.5 6.557
6.5 6.295
Ted 3.907
8.5 3.528
9.5 3.256
n 3.205
13 1.86
2 15 2.61
17 2.1
= 19 2308
Xgx 25 12.
Xog 3 9.218
Total 100,337

BAC 1544 L-N3
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ux“:l.n'hbhba. In the eases analyred fer actual space proten dose
caloulstion, 2 g/cn” and b g/ca® polyethylene thickness vere chosen as
typisal feasible chair shielding values. These dose computatiens are
reported elsevhere (Ref. 1), and shov the effest of the chair shielding en
the WAIST L point total dose (primary plus secondary) to be noticesble
but probably not significent from the protestism point of viev.

BAC 154 L-R2
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Here are given sems of the basis eutline and sectien drvawings ef
the seated 75-percentile male assumed for this study. (The lewer leg
drawings are not given here.) Tsble B-1 gives the dsta frem the Hertzberg,
Daniels, and Ghurchill report (Bef. 2) used in making these seale dravings
of the human body.

In Pig. B-1 a side view is shown, drawn from the data of Tsble B-1,
but not shoving the lower legs. In Fig. B-2 the back view is shown, less
lower legs. In Fig. B-3 the top viev is given, vith transverse sections
dravn at indicated heights above the sest level. The selected analysis
points are indicated on Figs. B-1 and B-2. JFigures B-4 and B-5 show the
transverse sections of the head, based on the data of Table B-1, the views
given in Morton's Buman Cross -Sectional Anatomy (Ref. 3), and same artistic
imagination. Figures B-6 and B-7 shov side and fromt views of the head,
respectively, as used in the isothiclmess eontouwr mepping of the eye.
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Beat level to top of head 93.6
" " " eye 8.2
".o" " sheulder 61.0
- " waist 2.8
" " * thigh clearanee 15.2
"o * bottem of feet (popliteal height) bh,5

Knee level to bottom of feet (knee ",“‘*’) 56.8

Chest depth (A - P distance) 24.3

Walst depth (A - P distance) 21.6

Buttock depth (A - P distance) 23.8

Buttock (back of sest) to kmee lemgth 61.8

Chest bresdth (1steral) 3.9

Biscrexial dismeter k1.1

Bideltoid dismeter 8.0

Klbow-to-elbov breadth 46.3

Bip breadth 37.0

Knee-to-knee bresdth 2.9

Bead length (forehead-to-ohin) 19.3

Hoad depth 20.1

Neod bresdth 1.9
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IN CENTIMETERS

HUMAN HEAD 75%ILE
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TOP VIEW TO NOSE P77
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U1-4071-1 080 (was BAC {54¢-1-R3)
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